
Determining Drug Senstivity

Use of the Gel Diffusion Method
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ATTEMPTS TO DEMONSTRATE the presence in human
serum of precipitating antibody against drugs that
produce sensitivity reactions have resulted in con-
flicting claims. The original adaptation of the gel
diffusion test for precipitins was made in 1957 by
Muelling and co-workers24'25 who used an agar-
stabilized tube technique. The serum of patients
thought to have had a drug reaction was tested and
a large number of positive tests were reported. We
have used the double diffusion method of Ouchter-
lony,28 which is similar in principle but somewhat
different in detail. Ouchterlony's technique has been
used to demonstrate human serum precipitating anti-
body in a variety of conditions, including histoplas-
mosis14 and thyroiditis,8 and to differentiate an-
tibodies agalnst such antigens as streptolysin-O,11
stinging insects,41 tubercle bacillus protein,32 trich-
inella,46 amaranth-chenopod pollen,47 house dust45
and many others.48
Drug reactions are becoming more common as

more drugs are made available for routine use. Pen-
icillin probably causes 80 per cent of all drug reac-
tions.15 There is no thoroughly satisfactory test for
recognizing penicillin reactions.12'35'38'39 Skin tests
for penicillin sensitivity, whether scratch or intra-
dermal, have caused death and severe anaphy-
laxis.21'34 They often result in false positive and false
negative reactions,* and there is considerable doubt
whether skin tests predict or diagnose accurately,'1834
although they may be of some help if positive.9"10'20
Attempts have been made to incubate penicillin with
gamma globulin36 and sulfonamides with gamma
globulin'6 and to use these mixtures as complete an-
tigens in skin testing for hypersensitivity to these
drugs. There are no reports of the further success
of these methods,18 and at least one earlier reported
failure.9

Thus, the available methods for distinguishing
drug sensitivity are unreliable, misleading and dan-
gerous. A reliable method of demonstrating drug
sensitivity in humans would be useful for predicting
hypersensitivity, for definitive diagnosis in patients
suspected of having had,previous reactions, and for
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* A study was carried out to determine whether
the double diffusion gel test when applied to the
serum of patients with clear-cut penicillin reac-
tions of various types, might be useful for dem-
onstrating the presence of precipitating antibody.
Results did not demonstrate the antibody.

The difference in results with this test ob-
tained by various workers was not explained by
the observations in this study.

Other approaches to determination of the
mechanism of the penicillin reaction are dis-
cussed, and it is noted that the hemagglutina-
tion test, newly applied to the penicillin reaction
problem, may be useful after further investiga-
tion.

distinguishing drug reactions from other diseases.
If results with the gel diffusion technique such as
those reported by Muelling could be duplicated, an
extremely valuable tool would be available for both
clinical and research use.

METHOD

Patients were selected from the Palo Alto Medical
Clinic if they had reacted to penicillin or other
drugs. Penicillin reactors were sought in particular,
however, because they are relatively common,227
technique and materials could be standardized if
only one drug were considered, and reactions had
been documented in the patient's charts in most in-
stances. My own observation or clearly described
and recorded observation by another physician was
the source of validation of the presence and type of
reaction in 68 per cent of the cases studied. The re-
maining 32 per cent of the patients were included
only after interview confirmed the details of their
reactions. All patients were personally interviewed
for all other information included in this report.
The gel diffusion technique was introduced by

Oudin29 and amplified as the double diffusion plate
by Ouchterlony.28 The method employed in this
study is the double diffusion plate as used by the
Department of Immunology and Allergy at the Palo
Alto Medical Research Foundation.
The agar plates are prepared as follows:

Materials: Difco Bacto-Agar® . 10.00 gm.
NaCl .4.25 gm.

Monobasic potassium
phosphate .0.19 gm.

Distilled water 450.00 cc.
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TABLE 1.-Age and Sex Characteristics of Patients with Reactions

Reactions to Penicillin Administered
Per Cent By Orally and Reactions

Age Groups Total Total No. Orally Injeetion Injected to Other
in Years Reactors Reactors Only Only Concomitantly Drugs

M F M F M F M F M F M F

0 to 10 . 0 5 0 1 0 0 0 0 0 1 0 0
11 to 20 5 5 1 1 0 1 1 0 0 0 0 0
21 to 30 5 22 1 5 0 1 1 4 0 0 0 0
31 to 40.9 18 2 4 1 0 0 2 1 0 0 2
41 to 50.13 0 3 0 0 0 3 0 0 0 0 0
51 to 60.. 9 9 2 2 0 0 2 2 0 0 0 0

Total .................... 41 59 9 13 1 2 7 8 1 1 0 2

TABLE 2.-Allergic Characteristics of Patients with Reactions

Reactions to Penicillin Administered
By Orally and Reactions

Total Total No. Orally Injection Injected to Other
History of Per Cent Patients Only Only Concomitantly Drugs

Personal allergy 22 5 1 3 1 0
Family history allergy 35 8 1 5 0 2
Personal or family allergy ...- 45 10 2 6 1 1
Previous exposure to drug causing reaction 68 15 3 11 1 0
Other drug allergy.--- 8 2 1 0 0 1
Poliomyelitis vaccine reaction 0 0 0 0 0 0
Insect bite anaphylaxis.--------------------------------- 0 0 0 0 0 0

Salts and agar are added to boiling water and
stirred until melted. The mixture is then placed in
tubes in 27 cc. aliquots, autoclaved, and capped for
storage. When ready to use, the mixture is melted in
a boiling water bath. A 9 cm. sterile plastic Petri
dish is readied, into which is first poured 3.0 cc. of
1:1000 aqueous Merthiolate. The melted agar is
then carefully added and swirled slowly, then al-
lowed to jell. Wells are cut in the agar with the end
of a glass tube approximately 0.8 mm. in diameter.
A cluster of wells is made by placing four wells at
equal intervals around the periphery of a fifth cen-
tral well, with the inner edges of the peripheral
wells each 5 mm. from the outer edge of the central
well. Four such clusters are placed in one 9 cm.
Petri dish.

Varying dilutions of serum are put into each cen-
tral well of each cluster. In this study we used undi-
luted serum and serum diluted 1:10, 1:50 and
1:100 with normal saline solution. The peripheral
wells contained a solution of the antigen (drug) in
various dilutions. Drug concentrates were made as
follows: Sodium penicillin 500,000 units per cubic
centimeter; procaine penicillin 500,000 units per
cubic centimeter; potassium penicillin 330,000 units
per cubic centimeter; benzathine penicillin 1.2 mil-
lion units per cubic centimeter; tetanus antitoxin
1,500 units per cubic centimeter; and chlorampheni-
col 400 mgm. per cubic centimeter. Each concen-
trate was used as such and, in addition, diluted
1:10, 1:50, 1:100, 1:500, 1:1000, 1:5000, 1:10,000,
1:50,000 and 1:100,000 in saline solution. Thus,

each serum concentration was exposed to each of
the ten penicillin concentrations. Not all the peni-
cillin-sensitive patients were tested against all the
penicillin preparations noted here, but each was
tested against the type thought to have been the
cause of the reaction, and usually to either the so-
dium or potassium aqueous forms as well.
The completed plates were kept at room tempera-

ture in completely dark, high-humidity containers
and read at 24 hours, 48 hours, and 72 hours. All
were last read at seven days, 60 per cent were last
read at 14 days, and 40 per cent were last read at 21
days.

Tests were made of patients with reactions to oral
penicillin alone (3 patients), to injected penicillin
alone (15 patients), to oral and injected penicillin
concomitantly (2 patients), to tetanus antitoxin (1
patient), and to chloramphenicol (1 patient). Also
tested were two patients who had had penicillin but
had not had a reaction, and three patients who were
currently receiving penicillin with no reaction.

RESULTS

Some general characteristics of the series of pa-
tients studied are recorded in Tables 1 and 2. These
characteristics resemble certain of those noted in
other studies -of drug reactions,* suggesting that this
is a valid sample even though some of the occur-
rences within the sample are too few to be signifi-
cant. Percentages must be interpreted in relation to
the total number of occurrences.

References 5, 10, 18, 21, 27, 34.
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TABLE 3.-Data Characteristics of Patients with Reactions

Reactions to Penicillin Administered
Per Cent By Orally and Reactions
Total Total No. Orally Injection Injected to Other

Source Reactors Reactors Only Only Concomitantly Drugs

Source of information*:
Personal observation .... 14 3 0 1 0 2
Clinic chart.---------------------------------------------54 12
Patient's history ...32 7 1 6 0 0

Total . 100 22 3 15 2 2
Time interval since reaction occurred (in years)

Years ago:
Oto I.................. 409 2 4 1 2
1 to 2 ............... . 18 4 1 2 1 0
2 to 3 .... ...--..-- ... -. 5 1 0 1 0 0
3 to 5 .... .... .. ............143030 0
5 to 8 . 18 4 0 4 0 0

8to12.-.....--..................- 5 1 0 1 0 0

Total . 100 22 3 15 2 2
'Regarding reaction only (other information by personal interview).

TABLE 4.-Reaction Characteristics of Patients with Reactions

Reactions to Penicillin Administered
Per Cent By Orally and Reactions
Total Total No. Orally Injection Injected to Other

Symptoms Reactors Reactors Only Only Concomitantly Drugs

Type of symptoms:
Angio-edema, urticaria . 77 17 2 12 2 1
Shock. . 18 4 1 2 0 1
Rash.------------------------------5 1 0 1 0 0

Total.------------- 100 22 3 15 2 2

Severity of symptoms:
Slight .- 14 3 0 2 1 0
Moderate 63 14 2 10 1 1
Severe .... .. ..235 1 3 0 1

Total 100 22 3 15 2 2

A total of 27 patients was tested of whom 22 had
had clear-cut reaction to drugs, and 5 had had no
reaction to any drug. There were 41 per cent males
and 59 per cent females, and their ages ranged from
4 to 60 years, with 54 per cent of the patients be-
tween 21 and 40 years of age (Table 1). The largest
single category consisted of 15 patients who reacted
to penicillin given by injection.

Twenty-two per cent of patients had a personal
and 35 per cent a family history of major allergic
disease (Table 2); and the combined total of those
who had either or both made up 45 per cent of the
series. There were few reactions to drugs other than
those which caused the reactions studied. Twenty-
one who had penicillin reactions had had poliomye-
litis vaccine within two years of the time of the test,
and none had had a reaction. There were no cases
of insect bite anaphylaxis.
No previous exposure to the drug causing the

reaction was known in 32 per cent of the patients.
This lack of history of exposure may have been the
result of the patient's failure to remember correctly

or of incomplete clinical records. Also, for those who
had reactions of the serum sickness type, a history
of previous exposure was not expected.

Further characteristics of the patients with reac-
tions are shown in Tables 3, 4 and 5. Forty per cent
of the patients had had reactions within the 12
months preceding the test (Table 3). Seventy-seven
per cent of the reactions were urticaria or angio-
edema or both, and 18 per cent were severe shock
reactions (Table 4). The reactions were moderate
to severe in 63 per cent of the cases. Most patients
had had one to six doses of the responsible drug be-
fore reaction occurred, and over 50 per cent had
symptoms within two days of the last exposure
(Table 5).
Table 6 shows the characteristics of the test re-

sults. All tests were negative. A total of 50 tests were
performed, and almost half of all patients had tests
performed for more than one type of penicillin.

DISCUSSION

Failure to demonstrate precipitating antibody in
persons with a sensitivity reaction to drugs was not
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TABLE 5.-Reaction Characteristics of Patients with Reactions

Reactions to Penicillin Administered
Per Cent By Orally and Reactions
Total Total No. Orally Injection Injected to Other

Doses Reactors Reactors Only Only Concomitantly Drugs

Number of doses of drug before reaction:
I to 2-.................................-68 15 1 120 2
3to 6-------------...-24 5 2 1 2 0
7to 10--. . .... ..-.-. 8 2 0 2 0 0

Total.----------------- -100 22 15

Number of days after last dose that reaction began:
I to 24 hours.---------------------------------------36 8 1 5 0 2
1 to 2-. ....----....-...-...-.-.-23 5 1 4 0 0
3 to 4..... ..- 9 2 1 1 0 0
5 to 8-. .......-...-.---....-.-.-......-14 3 0 1 2 0
9 to 12.---------------------------------------18 4 0 4 0 0

Total.-------------------100 22 15

TABLE 6.-Test Characterlstics of Reactors 122) and Nonreactors 15)

Per Cent Reactions to Penicillin Administered
Total Total No. By Orally and Currently Reactions Total No.

Patients Patients Orally Injection Injected Receieing No Penicillin, to Other Tests
Drug Tested Tested Tested Only Only Concomitantly Penicillin No Reaction Drugs Performed

Procaine penicillin --------------. 6 2 0 0 0 2 0 0 8
Bicillin. ...................00 0 0 0 0 0 0 2
Sodium penicillin --....------- 12 3 1 1 1 0 0 0 12
Potassium penicillin -.........30 8 1 6 1 0 0 0 8
Procaine+ sodium.------------------ 40 10 1 6 0 0 3 0
Procaine + bicillin...................0 0 0 0 0 0 0 0
Sodium + bicillin. .----------.- 3 1 0 1 0 0 0 0 ..
Procaine + bicillin + sodium 3 1 0 1 0 0 0 0 ..

Tetanus antitoxin . ...............3 1 .--- .... ............ 1 1
Chloramphenicol ---..............---- 3 1 .... .... ........ 1 1

Total..------------------ 100 27 3 15 2 2 3 2 32

the result of poor technique. To demonstrate the
adequacy of the technique, guinea pig serum (anti-
gen) and rabbit anti-guinea pig serum (antibody)
were employed. The result of this test was clearly
positive and duplicated results obtained by other
workers in the laboratory from which the specimens
of serum were obtained. Our experience was not un-
usual. Mendes,22 in a study of six patients reputed to
have died of penicillin reactions, was not able to find
precipitins by the double diffusion technique. Pre-
vious investigators were not able to show precipitins
in persons who had had reactions to pure penicil-
lin.* Rostenberg and Welch,37 using a conjugate of
crystalline penicillin and human plasma, were un-
able to show precipitins. Muelling26 suggested that
the penicillin antigen be prepared and allowed to
stand in the light for several days, and that no
preservative be added to the agar. These directions
were followed in repeating the tests with five speci-
mens of serum that had been tested previously, and
results were again negative.
The double diffusion plate used in this study

might be unsuitable for revealing the presence of
precipitin. However, Muelling's technique and the

References 7, 19, 21, 26, 37, 44.

double diffusion technique are the same in theory
and essentially the same in practice.48 They are
equally sensitive and equally applicable in similar
situations.

Callaway4 and Welch and co-workers,44 using a
standard fluid technique for demonstrating precipi-
tins, found a faint precipitate at the junction of
serum and penicillin in subjects with penicillin re-
action and also in one control. They interpreted
these reactions as inadequate to prove the presence
of precipitin. A similar reaction may have occurred
to produce false positives in Muelling's series, but
such reactions clearly did not occur in our tests.
They may well have been due to the Liesegang phe-
nomenon, thought to be a nonspecific precipitation
related to reactant and precipitate concentrations.42

It is possible that treatment received by the pa-
tient interfered in some way with the precipitin
test. If the reaction were dependent on precipitins,
however, one would expect to find them afterward,
since drug reactions tend to recur on subsequent
exposure, regardless of therapy for a previous re-
action.
The passive cutaneous anaphylaxis test30'31 was

utilized by us in several studies to determine if pre-
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cipitins could be demonstrated by this more sensi-
tive method. In the initial tests, precipitins were not
demonstrated.
The infrequent presence of reagin (demonstrated

by negative results of direct and passive transfer
tests referred to above) seems to eliminate reagin
as the cause of drug reactions. It appears that reagin
occasionally accompanies reactions but is not the
cause of the reaction.

Mechanisms other than these antigen-antibody
systems may be involved. Ackroyd,' in a classic
study, clearly demonstrated antibodies against plate-
lets in a drug reaction to Sedormid® (allyl-isopropyl-
acetylcarbamide). Quinine has been similarly sus-
pect, but the mechanism of its action has not been
proven.6
Enzyme defects are known to mediate some drug

reactions. It has been shown, for example, that pri-
maquine sensitivity is a result of a relative lack of
glucose-6-phosphate dehydrogenase in the red blood
cells of sensitive patients, and this lack is deter-
mined by a sex-linked gene of intermediate domi-
nance. Naphthalene and nitrofurantoin (Furadan-
tin®) cause a hemolytic anemia that is associated
with a sulfhydryl defect in the red cell. These
and other reports of genetically and chemically
determined drug reactions are summarized by Motul-
sky.23 It is possible, therefore, that penicillin reac-
tions may be mediated in part by some similar mech-
anism although there is no definitive evidence to
support the conjecture.

Since our work was completed, several studies
have appeared using the red-cell agglutination tech-
nique to demonstrate circulating antibody in the
serum of patients allergic to penicillin. Ley17 re-
ported such tests first in 1958. Bird and co-workers3
in 1960 have repeated the survey using serum from
patients allergic to penicillin, from patients receiving
penicillin but not allergic to it, and from patients
neither allergic nor receiving penicillin. They noted
positive reactions occasionally and from, each of the
groups, and concluded along with Ley that this was
not a useful method of determining penicillin sensi-
tivity and that the mechanism of the penicillin reac-
tion is not yet explained. Vaughan and Harris in
196043 reported a smaller number of patients with a
larger number of positive tests. Most recently, Heg-
gie13 reported studies showing that about 30 per cent
of 62 patients with penicillin reactions had positive
hemagglutination tests, while about 8 per cent of
patients without reactions showed positive tests. He
concluded this is a useful test, and further work is
indicated. In view of these divergent results and
opinions, final comment must await future inves-
tigation.

300 Homer Ave., Palo Alto.
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